Under tropical conditions meteorological variations may be a major source of nuisance in the estimation of genetic and environmental progress achieved. In this paper an approach is presented to incorporate polynomial functions of rainfall in the statistical model for estimating genetic and environmental trends. The idea behind is to separate the year-season effect into causal components, i.e. in¯uence of rainfall pattern, temporary management effect and environmental trend. Records on milk yield from a large commercial Jersey herd in Kenya covering a period of 14 years (1980±93) were used to illustrate this approach. The farm is located in upper midland agro-ecological zone of Rift Valley. It became evident that the rainfall pattern beginning one year prior to calving in¯uenced the later milk performance in a complex way. The proposed model proved to be successful in separating the year-season effect into its causal components and thus gave better estimates of environmental and genetic trends.
Introduction
Genetic and environmental trends re¯ect the changes in a livestock population or a herd and are the ultimate indicators of sustainable environmental and genetic progress. In this study records, covering the period from 1981 to 1992, from a large commercial Jersey herd in Central Rift Valley, Kenya were used to estimate genetic and environmental trends in milk production. In the study area, similar to many tropical and subtropical regions, annual rainfall and its distribution varies widely between years. Even if data are analysed over a long time period and meteorological records do not show any evidence of a systematic climatical change, meteorological variations are a major source of nuisance in the estimation of genetic and environmental trends. Therefore, the objective of this study was to improve on estimators for genetic and environmental trends under widely varying meteorological conditions between years by incorporating second-degree polynomial functions of seasonal rainfall into the statistical model used in the estimation procedure.
Materials and Methods

Data
The farm is situated at the¯oor of the Central Rift Valley around Menengai Crater in Kenya in the upper midland agro-ecological zone. The herd was extensively managed. The cows grazed on grown pastures, primarily Rhodes grass (Chloris gayana) with supplementation during milking. Natural but controlled mating was predominant in the herd, usually by bulls fathered by imported semen, which came from another Jersey herd in Central Kenya. The study is based on all the available farm records for the cows with ®rst calving during the period 1980±93. The original data ®le contained 1447 records from 305 cows. Pedigree information for the cows with performance records was traced back ®ve ancestral generations using information from the Stud Book Of®ces. The completeness of the pedigree information for the 305 cows with performance records was 99.9%, 96.9%, 85.6%, 73.1% and 52.1% in the ®rst to ®fth ancestral generation, respectively. The 305 cows were the daughters of 49 sires.
Rainfall data covering the period 1980±93 were obtained from a meteorological station on the farm and recorded as monthly rainfall. The average annual rainfall was 976 mm and ranged from 463 mm to 1420 mm. The yearly amount of precipitation and the pattern of monthly rainfall distribution varied considerably from year to year (Fig. 1) . 
Statistical methods
The observations in milk yield per lactation were described by two different animal models. Single trait analyses using a repeatability model were performed. The``standard model'' (model 1) included the ®xed effects of year-season of calving and parity. Further the covariate age at calving (linear regression within parity) was ®tted. Four seasons were de®ned: dry season (January ± March), long rains (April ± June), intermediate rains (July ± September) and short rains (October ± December). The parity classes consisted of the ®rst nine lactation numbers and the 10th class comprised all lactation numbers greater than nine. Age at calving was expressed as deviation from the mean value of the respective parity. In model 2 the ®xed year-season effect was replaced by the following 3 components:
(i) a surface regression term linking seasonal rainfall to milk performance by a seconddegree polynomial function:
with R -4 ¼R 2 average monthly rainfall 4 seasons before calving to 2 seasons after calving,
(ii) a linear regression of milk yield on 3-month calving classes re¯ecting the environmental trend, and (iii) a random year-season effect re¯ecting the temporary managemental effect, i.e. the seasonal effect after correction for rainfall pattern and environmental trend.
In both models random additive genetic effects, random permanent individual effects and a random error term were considered. All the independent and dependent variables were checked for missing data and extensive and thorough consistency and plausibility checks were performed. Lactations with an abnormal termination (e.g. disease, early death) were discarded. For the analyses the calving years were restricted to the period 1981±1992. This enabled the incorporation of rainfall data preceding calving and in later stages of lactation, respectively, in the statistical model and left 842 records for further analysis. It should be observed, that in the process of data editing questionable records were discarded, so that the data ®le did not necessarily contain the information on all the parities of an individual.
The genetic parameters (additive genetic variance, permanent individual variance, error term, heritability, repeatability) were estimated using derivative free restricted maximum likelihood methodology. As our estimates of the genetic parameters were in the middle of the range of values which can be found in the literature, these variance component estimates were used in estimating the ®xed effects and in predicting the breeding values. Best linear unbiased prediction methodology was used to predict the breeding values. The software used for the animal model analyses was MM5P (MAYER 1994) . This computer program uses the Cholesky factorisation to solve the mixed model equations and the simplex method of NELDER and MEAD (1965) for maximizing the restricted log-likelihood function. For testing hypotheses the estimated variance components were assumed to be the true ones. Following SEARLE (1987) and letting C be the (generalised) inverse of the coef®cient matrix of Hendersons mixed model equations and the (co)variance matrix of the residuals being Ir e 2 , the F-test statistic of a null hypothesis: H0: k'b 0, where k'b is a testable function of the parameter vector b can be written as F (k¢b°)¢(k¢C 11 k) ± (k¢b°)/ (rr e 2 ). In this expression b°is the vector of the solutions of the mixed model equations for b, C 11 is the corresponding submatrix of C and r is the rank of the design matrix of the ®xed effects.
In the model 1 analysis the environmental trend was estimated by linear regression of the solutions for the year-season effects on the continuously coded year-seasons. The number 118 M. Mayer and S. K. Musani of observations in a particular year-season class was considered, i.e. a weighted regression analysis was performed. The genetic level of the herd in a particular year was de®ned as the average of the breeding values of the cows with a calving in that year. Thus, the genetic trend was estimated by regressing the predicted breeding values on calving year.
Results
The average milk yield per lactation ( standard deviation) in the herd was 2112 509 kg with an average lactation length of 288 37 d. By tropical standards this is a high production level (e.g. CUNNINGHAM and SYRSTAD 1987) despite the harsh environmental conditions. Lactation length ranged from 115 to 401 days. 10% of the cows had a lactation length shorter than 242 days and 5% shorter than 206 days. Table 1 shows the analysis of variance for the two models. For model 1 year-season of calving, parity and age at calving proved to be highly signi®cant. In model 2 ®rst a stepwise backward elimination was performed, where in every step just one regression coef®cient was deleted. Thereafter we checked for each remaining variable in the surface regression term whether the replacement of a linear term by a quadratic term or the replacement of a quadratic term by a linear term led to a higher F-value. Then we examined if the inclusion of one of the remaining terms led to a signi®cant F-value for this covariate. In model 2 again parity and age at calving in¯uenced the milk performance and statistically proved highly signi®cant. Furthermore, the rainfall in form of the quadratic terms four seasons before calving up to one season after calving, and the cross-products of rainfall during season of calving and season after calving (R0*R + 1) and of season after calving and following season (R + 1*R + 2) were related to the performance in milk yield. The estimated genetic variance in milk yield was 193. Table 2 shows the estimated parameters for the surface regression term in model 2 describing the in¯uence of the rainfall pattern on milk performance. The estimates of the regression coef®cients for the quadratic factor vary from 0.003367 (R-3 quadratic) to R-x(R + y): average monthly rainfall x(y) seasons before (after) calving; R0: average monthly rainfall during season of calving; ±: not ®tted; *p < 0.05, ** p < 0.01, *** p < 0.001 119 A surface regression approach for estimation of genetic and environmental trends 0.008198 (R0 quadratic). The estimate for R0*R + 1 was ± 0.005628 and for R + 1*R + 2 0.012729. Figure 2(a) shows the joint in¯uence of the amount of rainfall during calving (R0) and in the season after calving (R + 1) and Figure 2 (b) the in¯uence of the rainfall in the season after calving (R + 1) in combination with the following season (R + 2). In Figure 3 estimated year-season effects in model 1 are compared to the composed yearseason effects from model 2. In general, the estimates from models 1 and 2 are similar. The components of the year-season effects in model 2, i.e. rainfall, temporary management effect and environmental trend, are represented in Figure 4 . It can be seen that generally the in¯uence of the rainfall pattern is greater than the in¯uence of the temporary management component; moreover there was a clear positive environmental trend, i.e. a steady improvement in the management over time.
The annual environmental trend was estimated to be 1.8 kg using model 1. On the basis of model 2, taking into account the rainfall pattern in the period under consideration, the respective estimate was 24.0 kg. The estimated genetic trend was 1.74 (model 1) and 1.77 kg/year (model 2), respectively. When regressing the estimated breeding values of ®rst calvers only on calving year, the estimated genetic trend was ±2.2 (model 1) and ±3.4 kg/year (model 2), respectively. The number of ®rst lactation records was 197. Although different in sign, the estimates for the genetic trends from the 2 data sets both indicate that there was no signi®cant change in the mean genetic values of the animals in the period under consideration.
Discussion
Rangeland vegetation is strongly in¯uenced by an interaction between temporal climatic variability and herbivorous activity. Changes can be both short term and long term in nature. In the short term, changes in¯uence forage production and quality. Therefore it must be expected that there is a relationship between rainfall pattern and milk performance. But it should be observed that those relationships are not of a simple but complex structure. The basic idea in this study was to reparameterise the year-season effect in the usual approaches in causal components closer to the effects of interest, i.e. genetic and environmental trends and temporary environmental in¯uences. In this regard, surface regression models have successfully been used in this study to describe the relationship between rainfall pattern and milk production in a large commercial dairy herd kept under extensive tropical conditions. It has become clear that all the meteorological events which took place one year prior to calving were responsible for the later milk performance. The statistically signi®cant cross-product of rainfall during calving and season after calving (R0*R + 1) showed that low amounts of rain can partially be compensated by more rain in the following season and vice versa. On the other side the effect of high rainfall in two succeeding seasons is not additive. Similar observations were made for the crossproducts R-2*R-1 and R-1*R0, but these components were statistically not signi®cant (0.05 < p < 0.20). In contrast, there was a raising in¯uence of rainfall in the second period of calving on milk yield as can be seen from Figure 2 (b) . We believe that the positive in¯uence of strong precipitations in the second season after calving on lactational milk performance re¯ects, to a large extent, the effect of a prolonged lactation. Analysing the trait days in milk using our surface regression approach, the only statistically signi®cant component (results not shown), besides parity (p < 0.001) and age at calving (p < 0.05), was the linear regression coef®cient for rainfall 2 seasons after calving (R + 2). When days in milk in form of a cubic regression was included in the statistical model in the analysis of milk yield R + 1*R + 2 was not signi®cant at all (results not shown). Historically, animal breeders have treated contemporary groups such as herd-yearseasons as ®xed effects. The main argument for modelling contemporary groups as ®xed has been to avoid potential bias on genetic values from nonrandom use of sires across herds (HENDERSON 1975) . When analysing data from daughters of bulls born in different years, bias may also exist if there are periodic trends within herd (CHAUHAN 1987) . A simulation study by VISSCHER and GODDARD (1993) suggested that treating contemporary groups as random rather than as ®xed leads to genetic predictions with much better frequent performance, even when positive correlations exist between contemporary groups and genetic values. Further to this, the treating of contemporary groups as random offers the opportunity of modelling autoregressive (WADE and QUAAS 1993) or other temporal correlation structures. LOUIS (1991) stated that treating effects as random terms lessens the impact of model mis-speci®cations and serves to make the statistical analysis more robust.
For animal breeders, whose interest is to determine the genetic and environmental trends in a population, meteorological variations are primarily a source of disturbance. Although the estimated year-season effects from model 1 and the composed year-season effects from model 2 were very similar (Figure 3 ) in this study, there were great differences in the estimates of the environmental trend, dependent on whether the traditional approach (model 1) or the surface model approach (model 2) was applied. Thus, it seems that the surface model approach can successfully be used for improved estimation of genetic and especially environmental trends. The fact that in this study the estimates for the genetic trend were almost identical whether model 1 or 2 was used can be explained by the fact that the genetic trend was close to zero and there were relatively high numbers of observation in the season of calving classes. In general, it can be expected that with small herd-year-season classes the proposed approach leads to better estimators of the genetic trend than the usual approaches.
In the herd under study, the farmer obviously focused more on a long-term management improvement and was less concerned with improvement by breeding means, despite the genetic variance, i.e. the remarkable variation in the breeding values for milk yield which we found in our study. In this regard our results are similar to other studies in Kenya where little or no genetic progress in herds or populations was realised (REGE 1991; REGE and WAKHUNGU 1992; NJUBI et al. 1992) . In these studies even unfavourable environmental trends between ±1.3 and ±32.2 kg/ year in milk yield were reported.
